Abstract Iron is an essential trace element and plays a number of vital roles in biological system. It also leads the chains of pathological actions if present in excess and/or present in free form. Major portion of iron in circulation is associated with transferrin, a classical iron transporter, which prevent the existence of free iron.
Introduction
Iron is the second most abundant metal (after aluminium) and the fourth most abundant element of the earth's crust. Biologically Iron serves both the roles; essential as well as toxic. It is essential as trace element because it is a part of the hemoproteins including hemoglobin but it is toxic if present in excess amount as it has potentiality to generate free radicals that can have deleterious effects on the biological system. The biological functions of iron are due to its ability to form diverse dexterity with organic ligands and suitable redox potential to slide between ferrous i.e. Fe(II) and ferric i.e. Fe(III) state. These essential characteristics of this element make it a dangerous entity if left unattended or unbounded. This is the reason why majority of body iron is found to be associated with proteinic and non proteinic bio molecules to shield its toxicity. In plasma, majority of iron is bound to transferrin (Tf) which is a globular protein. Non transferrin bound iron (NTBI) is the term used for the free iron present in plasma, including all the forms of iron present in serum or plasma which are not bound to Tf and the other traditional iron binding proteins like haem, apoferritin, hemosiderin etc. Unbound iron which does not have the shield in the form of protein has capacity to generate highly reactive free radical and known to cause an immense amount of damage to various organs of the body including heart, liver, pancreas, endocrine glands and erythroid cells etc., depending on final location of its deposition. Another aspect is that iron is almost a one way element and only few physiological avenues for its removal from human organism are known to exist. There is a lacunae in the literature regarding the precise way of removal and the shelf life of NTBI, though some studies state its clearance from highly vascular organs like liver and heart [1] . Even after lapse of 34 years of its first mentioning of NTBI by Hershko et al. [2] the equivocal of definition of NTBI is difficult proposition due its heterogeneous nature.
Names and Nature of NTBI
A spectrum of names is accorded to the NTBI due to its diverse biological nature. Various research workers have used different terms like ''NTBI'', ''free iron'', ''catalytic iron pool'', ''labile iron'' etc. to address the same or overlapping fraction of plasma iron which is devoid of its classical carriers. According to Paffetti et al. [3] the term ''free iron'' was introduced to indicate low molecular weight iron free from high affinity binding plasma proteins. Breuer and Cabantchik [4] suggested that the NTBI denotes those forms of iron in serum which are bound to ligands other than Tf. The term ''free iron'' refers to iron loosely bound to variety of biomolecules in such a way that it retains its ability to catalyze the formation of reactive oxygen species (ROS) [5] . According to Breuer ''labile serum/plasma iron'' or ''labile plasma iron'' represent iron bound to serum albumin, citrate and other undefined negatively charged ligands [6] . The term ''labile iron pool'' was proposed by Greenberg and Wintrobe in 1946 and reintroduced by Jacobs in 1977 as a 'transient iron pool' [7] . Kruszewski [7] defined ''labile iron pool'' as low molecular pool of weakly chelated iron that rapidly passes through the cell. Others coined the term ''catalytic iron pool'' which consists of chemical forms of iron that can participate in redox cycling and are associated with oxidative stress [7] [8] [9] .
Numerous researches assigned different terms for NTBI based on its chelating characteristics. For example ''Bleomycin detectable iron (BDI)'', ''desferrioxamine chelatable iron'' (DCI) later on called as directly chelatable iron by desferrioxamine, ''mobilizer dependent chelatable iron'' (MDCI), ''Bathophenentroline detectable iron'' etc. [5, 10] . The term ''BDI'' have been applied to address the forms of NTBI which are detected when associated with bleomycin [10] . ''Desferrioxamine-chelatable iron'' (DCI) was the term used by Breuer for the forms of NTBI which are chelatable with the well known iron chelator desferrioxamine [11] . However the abbreviation ''DCI'' had been used by the same researcher and his colleagues later as ''directly chelatable iron'' to indicate the NTBI forms which are readily chelated with desferrioxamine without the assistance of mobilizer [12] . At the same time another term ''MDCI'' has been in use to denote the NTBI forms which can be detected only after the action of mobilizer like oxalate or nitrilo triacetic acid (NTA) [12] . The term ''Bathophenenthroline detectable iron'' is applicable for NTBI forms which are directly chelated by a chromogenic chelator BPS [5] .
Sources and Status of NTBI in Circulation
There is 20-35 % saturation of Tf at the normal serum iron level (20 lmol/L), the only major form of non-haem iron present in plasma. In normal physiological condition the level of Tf is sufficient enough for complete scavenging of even the greater dose of free iron and ensuring its absence in internal milieu. This is the reason why levels of NTBI in normal healthy individual do not exceed 1 lmol/L, and often undetectable by most of the methods [13] . In the iron overload scenarios like thalassemia; hemochromatosis and others iron gets a chance to exist in form which is not bond to Tf [2, [14] [15] [16] [17] [18] . Increased levels of NTBI in the above mentioned situations is easily explainable whereas it is difficult to give a convenient explanation for the raised levels of NTBI where Tf saturation is not high [18] [19] [20] . There is ample justification that why earlier studies of NTBI were focused in the diseases where the saturation of Tf was expected to high due to iron overload. Due to high Tf saturation the surplus iron gets a chance to escape and bind to non specific ligands. It is worthy to note that presence of NTBI was also found in the certain pathological conditions wherein no iron load was found to exist. Appearance of NTBI in patients with normal Tf saturation is poses the key question that in spite of the presence of strong affinity between iron and Tf, why a fraction of iron remains to be free though there are availability of free sites in the Tf to incorporate it? Various hypotheses have been suggested in different clinical conditions, but it is simple to state the presence of free iron in the presence of low saturation Tf is due to either greater inflow or inefficient management as efficient management of iron is of high priority because it is almost one way element as mentioned earlier.
The major sources of plasma iron are dietary iron coming from mucosal absorption in gastrointestinal tract and recycling of iron from the breakdown of aged erythrocytes and macrophages. Endogenous source is more important factor as iron absorption is well regulated at the mucosal level. In hemolytic anemia, increased endogenous inflow of iron due to excess haemolysis and/or compensatory blood transfusion may cause higher saturation of Tf leading to existence of NTBI [2, 14, 15, 21] . Lee et al. [22] reported the existence of NTBI in diabetes mellitus. In diabetes mellitus glycochelates are found to play vital role in the binding of iron. Mingwei et al. suggested that glycated proteins whose concentration is high in diabetics, do not only bind to iron and copper with higher affinity but also have the tendency to extract the iron from the traditional iron carriers [23] . In case of cancer patients undergoing for chemotherapy the reasons for the existence of NTBI are due to temporary shutdown of bone marrow and associated reduced demand of iron [24] [25] [26] [27] . The other clinical conditions in which the presence of NTBI is indicated are acute coronary syndrome, liver disease, end stage kidney disease patients who are undergoing dialysis, in chronic alcoholics, myelodysplastic syndrome etc. [20, [28] [29] [30] [31] [32] [33] . In atrasferrinaemia it is pertinent that all the plasma iron molecules exist as NTBI. In the absence of Tf the NTBI level were reported to be upto 20 lmol/L, whereas in the presence of insufficient Tf concentration these levels were found to be less than 10 lmol/L [13] . The fraction of iron which is inaccessible to Tf is the key cause of the NTBI existence at low Tf saturation [20] . Oxidative stress has also been documented as a cause as well as consequence of free iron, where the stable iron compound like iron sulphur proteins, ferritin and even haem release NTBI [34] [35] [36] [37] [38] [39] [40] [41] [42] . As shown in Table 1 free iron has been well documented as NTBI or other relevant subfractions in various iron overload conditions like hemochromatosis and thalassemia [11, 20, [43] [44] [45] .
Bearing ?3/?2 valence, iron can't exist in absolutely free form, rather due to its cationic nature it binds with many negatively charged ligands like albumin, citrate, acetate, DNA etc. [5, 46, 47] . In the absence of precise data available presently its nature appears more heterogenic. Binding of NTBI to various molecules have been reported using different methodologies. In computer simulation studies the major form of NTBI is found to be ferric bound to citrate where as nuclear magnetic resonance analysis point out ferric bound to citrate as well as acetate in hemochromatosis patients [46, 48] . The interaction of iron is also shown with the major plasma protein albumin even when the Tf is not completely saturated [49] . Various forms of NTBI may coexist depending on degree of iron overload, cause of iron overload and its duration. Clinically it has been proven that the accessibility of different iron chelators vary in assorted clinical conditions which indirectly support the heterogeneity of NTBI. For example homochromatic sera with 80-85 % Tf saturation showed no detectable DFO-chelatable iron where as Breuer et al. [11, 46] found DCI in the similar patient group when mobilizer like oxalate was applied. In case of thalassemic sera with [90 % Tf saturation, both the forms of DCI i.e. with and without oxalate mobilization were found [20] . Pootrakul et al. [50] estimated the levels of LPI and DCI separately in iron overloaded patients and found that both are highly correlated fractions. To a small extent where they differ is 25 % lower values of LPI which may stand for minor component of DCI which is not redox active. Careful segregation of various isoforms of NTBI is very essential to establish the role of individual isoform in specific pathological condition.
Estimation of NTBI
Due to ambiguous nature of NTBI, universally accepted gold standard method is not available at present. However, various researchers apply a range of analytical approaches which target one or the other characteristics of NTBI to estimate overlapping subtractions of the large heterogeneous iron pool collectively termed as NTBI [51] . Basically there are three approaches on which methods have been developed for NTBI estimation.
1. Indirect estimation of NTBI with anti-tumor antibiotic bleomycin. 2. Chelation of NTBI with chelator followed by its separation and estimation using various analytical techniques. 3. Direct estimation of NTBI with iron sensitive fluorescent probe.
Indirect Estimation of NTBI with Anti-tumor Antibiotic Bleomycin
Bleomycin based method is the oldest one, which was firstly suggested by Gutteridge et al. [52] . Assay was based on ability of bleomycin to degrade DNA in the presence of ferrous iron (Fe 2? ), which can generate extremely reactive oxygen radicals due to its redox activity [52] [53] [54] . Iron only in ferrous form can catalyze such reaction and to facilitate the reaction all the ferric ions were converted to ferrous form by using reducing agent like ascorbate which further advances the reaction and degrades the DNA present in the reaction mixture. Such degraded DNA products were measured in the form of malonaldehyde (MDA) molecules which react with thiobarbituric acid and generate colored compounds which were read at 532 nm.
Bleomycin is the key ingredient of the assay and so the value of NTBI determined by this technique is frequently addressed as BDI [10] . The method is found to be extremely vulnerable to various factors; the important ones are the pH of the medium and the source of bleomycin [14] . To maintain specific pH usage of buffer is imperative, however much care should be taken as it can introduce artifactual iron to the reaction mixture and generate misleading results. Another important aspect is that the ascorbate which is used as reducing agent may not convert all the ferric irons to ferrous iron and can lead to false low results. The method also gets influenced by hemoglobin and applicable only when Tf saturation is [80 % [10, 55] . The procedure includes heating step for production of end point colored complex [(thiobarbituric acid) 2-malondialdehyde] which add some more negative views in the methodology [56] . Another drawback of this method is its indirect way of detection. As the degraded DNA products are measured in the form of MDA and not NTBI, any other factors which can either degrade DNA or form MDA contribute to the results. Conclusively this method is lengthy as well as tedious. Furthermore suggested chelax treatment of all the chemicals to minimize iron artifact leads to increased cost factor and procedural complexity.
Various modifications have been suggested by research workers time to time to improve this method. One of the significant alterations has been suggested by von Bonsdorff et al. [10] who made the use of the microtiter plate for sample processing which significantly decreased the demand of sample volume and made the test possible to be operated in mass analysis. Burkitt suggested using ethidium to bind or determine degraded DNA products which are later on determined with fluorescent based technique [56] . This modification is said to decrease the non specific reactions due to non specific MDA produced while heating the reaction mixture. BDI has been detected in various biological fluids like serum from patients of idiopathic hemochromatosis, thalassemia major, hematological malignancies after chemotherapy, patients with end stage renal disease, in overt diabetes and in acute coronary syndrome [10, 28, 53, 57, 58] . It is also detected in plasma of immature as well as full term infants, in synovial fluid from the rheumatoid patients and in CSF of normal subjects [52, 53, 59, 60] .
Chelation of NTBI with Chelator Followed by its Separation and Estimation Using Various Analytical Techniques
This approach includes two main steps; in the first step iron is chelated with the help of chelator which is separated from the biological fluid. In the second step chelated iron is subjected to various techniques which estimate it. Different workers used various chelators like ethylenediaminetetraacetic acid (EDTA), NTA and oxalate etc. [20, 61, 62] . Hershko et al. [2] were first to utilize this approach with EDTA. Subsequently NTA found to be superior to EDTA as it exhibits minimum iron mobilization from Tf [62] . In addition to the type of chelator used, its concentration is also found to play a critical role. It has been observed that with the increase in the concentration of NTA there is also a parallel increase in the concentration of NTBI estimated [63] . In the method described by Gosriwatana et al. [19, 62, 64, 65] 80 mM NTA was suggested as compared to the other methods where lower concentrations of NTA was used. However Kolb et al. [63] suggested that 4 mM NTA is the best suitable concentration for chelation of NTBI. This chelated fraction of iron is separated from plasma protein with ultra filter of cut off of 30,000 [64] . This step is operated to minimize the donation of chelated iron to the free sites of traditional iron binding protein like apotransferrin (aTf). The separated fraction is then subjected to diverse analytical methods like high-pressure liquid chromatography (HPLC), colorimetry, atomic absorption, inductively coupled plasma (ICP) and spectroscopy [19, 26, 62, 65] . All such techniques have their own advantages and disadvantages. HPLC has many advantages especially with patients treated with desferrioxamine, however need of specialized HPLC instrument which is free of stain less steel may restrict its wide spread applicability [19, 66] . Recently Sasaki et al. suggested that an extra step to reduce iron contamination mainly in NTA and tris carbonatocobaltate may minimize the background colour and improve the sensitivity of the test when HPLC is used as detection system [67] . Paffetti et al. [3] have used the HPLC based technique for various biological fluids like plasma, amniotic fluid, bronchoalveolar lavage (BAL) and in brain tissue. Zang et al. [65] suggested the use of bathophenanthrolinedisulfonate (BPT/BPS) as a chromogen which gives coloration with iron. The similar method with some modification have been experimented and successfully compared with electro thermal atomic absorption spectroscopy [68] . Colorimetric methods appear to be attractive with minimum specialized instrumental need without compromising the reliability. However the donation of NTBI from iron-NTA complex to one of the most commonly used chromogen BPS is time consuming and increase the processing time of the assay. An interesting approach had been explored by Nilsson et al. [5] who suggested the direct application of BPS in absence of other chelators where it acts as chelator as well as chromogen. In this assay the loosely bound iron gets chelated with BPS and produce coloration. The problem of background color and fluctuation in absorbance had been diminished with filtering the reaction mixture before spectrophotometric measurement. This approach should be further studied for its elaborated application as the assay is simple, quick and requires least specialized instruments and accessories.
The major problem with the second approach is to select an appropriate type and concentration of the chelator which wipe off all the loosely and non specifically bound iron without influencing the iron bound to Tf, as a little portion of Tf bound iron acts as a big dose of NTBI and leads to its overestimation. Another drawback is due to the opposite flow of iron i.e. donation of chelated iron to free sites of Tf in place of getting entered in analytical assay which can lead to underestimation of NTBI, mainly encountered when Tf saturation is normal. Gosriwatana et al. [19] suggested the use of sodium tris carbo cobaltate to block the free iron binding sites on Tf for better reliability. This approach is extensively practiced presently but definitely confined by their labor intensive feature and higher sample volume demand.
Direct Estimation of NTBI with Iron Sensitive Fluorescent Probe
This technique determines NTBI by measuring quenching or dequenching of fluorescence. It may or may not include the mobilizer or chelator but usually does not require the separation of chelated iron fraction from the other portion of biological fluid. This approach is quite impressive in terms of least technical efforts but demand the fluorimeter as detection system. Fluorescent based technique for NTBI estimation was introduced by Breuer el al in multiwell plate format [4] . The method is one step, simple to operate, sensitive and available for 96 well plate format make it suitable for large scale analysis. The assay was based on fluorescent labeled apo transferrin (Fl-aTf) which undergoes for fluorescent quenching when it binds to iron. The assay also included 10 mM oxalate as mobilizer and 0.1 mM gallium(III) as blocking agent. After the use of Fl-aTf, the use of fluorescent labeled desferrioxamine (Fl-DFO) was successfully experimented by the same researcher to determine the ''DFO chelatable iron'' or DCI without the assistance of mobilizer [11] . In this method fluorescent quenching of Fl-DFO is measured after its binding with iron. The assay can significantly applicable to check the efficacy of the chelator DFO. MDCI was then analyzed with the help of mobilizer and FlaTf in which mobilizer like oxalate was used to wipe up all loosely bound iron, which were then analyzed by fluorescent quenching of Fl-aTF [12] . To estimate redox active fraction of NTBI, fluorogenic dihydrorhodamine (DHR) was used [12] . The targeted NTBI forms were termed as ''labile plasma iron'', which generate various oxidants in the presence of a bioreductant ascorbate but the reaction gets blocked by iron chelators. The signals were determined by increase in fluorescence due to interaction of DHR with LPI. The inherited drawback of almost all fluorescent based probes is their sensitivity to environmental conditions such as serum color and turbidity, which has regularly been overcome by parallel examination of serum as control without the key ingredient. The difference in the intensity of the signal is the true indicator of the NTBI [11] . Another way is to include second fluorescent probe which is insensitive to iron. Sharma et al. [44, 69] suggested a fluorescent based method which has one more step for separation of chelated iron from the biological fluid, along with the different fluorescent probe and chelator like siderophore plus azotobactin. In the assay use of tri hydrate cobalt solution was suggested as blocking agent of aTf in place of gallium and NTA as NTBI mobilizer in place of oxalate. Quenching of azotobactins's fluorescence is measured, which supposed to be due to NTBI. In this assay blocking agent and the mobilizer should be selected with utmost caution which should neither interfere with the attachment of Fe 3? with azotobactin nor influence on Fluorescent quenching [44] . A good number of methods experimented by various researchers, nevertheless their comparability is questioned due to lack of reliable inter laboratory analysis. One such good attempt made by Jacobs et al. [64] to measure NTBI value with different methodologies showed unacceptable difference of NTBI value in between the methods with high CV values. The high CV could be due to the measurement of overlapping sub-fractions of NTBI which are not actually identical.
Pathogenesis
Serum iron if it is not guarded by the Tf, the unbound iron (NTBI) poses a great challenge to the protective mechanism of the body. The detrimental of free iron is due to its capability to increase the load of oxidative stress. Free ferrous iron (Fe 2? ) may catalyses a variety of free radical oxidative reactions which in turn lead to various degenerative changes [70] [71] [72] .
Fenton reaction and Haber-Weiss reactions show iron mediated generation of ROS which are as follows:
The oxygen metabolites including free radical species, superoxide, hydroxyl radicals and other metabolites like hydrogen peroxide and hypohalous acid are often been collectively called as reactive oxygen metabolites (ROM), or ROS or simply as oxidants. Traditional metal driven generation of oxygen derived free radicals are known to induce oxidation of proteins, lipids, lipoproteins, nucleoproteins, nucleic acids, carbohydrates and other cellular components [73] . At this point it is essential to note that all the forms of NTBI may not exhibit the aforesaid activity. So it is most important to find out the specific isoform or isoforms which do such damage.
During the oxidative stress, ROS can also release the iron from stable form like ferritin and heme which worsen the condition and continue the ongoing detrimental cascade [70, 71, 74] . NTBI is also suggested to play supporting role in growth of certain bacteria and fungi. Thus along with the increased load of reactive oxidants it makes host more susceptible against various infections [75] . Cellular uptake of NTBI is not meticulously regulated like Tf bound iron and hence could easily give rise to cellular iron overload [76] .
The biological importance of formation of OH • through fenton chemistry has not been given much importance due to compensation of O2
•2 by NO • and formation of ONOO 2 instead of OH . [77] . However OH 2 is still commonly accepted as the main source of oxidative damage to the cell [78] [79] [80] .
Role of Iron in Cardiac Disease
Numerous studied have reported the role of iron in cardiac diseases. The probable role of iron with cardio vascular disease (CVD) was postulated by Sullivan in 1981 which was supported by high incidences of cardiac disease in iron overload patients [81, 82] . Several studies have successfully demonstrated the correlation between the iron intake, body iron stores and cardiovascular risk in the general population [83] [84] [85] [86] . Several pathways have been indicated to explain iron mediated heart diseases which are mainly by tissue cell loss and atherosclerosis through ROS production as shown in Fig. 1 . Atherosclerosis is one of the major causes of coronary heart disease. One of the most prevalent hypotheses for its etiology is inflammation theory which describes atherosclerosis as proliferation of smooth muscle [87] . ROS known to be produced by NTBI are evident at the site of inflammation and contribute to cell damage [88, 89] . Such reactive species are identified to cause LDL oxidation which induces plaque formation [71, 90, 91] . Pratico et al. [92] demonstrated that Fe 2? could induce platelet aggregation in dose dependent manner. Iron induced oxidative damage has also been linked to increased cardiomyocyte loss due to apoptosis [93] . Altered cellular metabolism and/or iron mediated stimulation of cardiac fibroblast that may contribute to increased myocardial fibrosis. Iron is also suggested culprit for reperfusion injury through its ROS production which causes lipid peroxidation, fragility of intracellular lysozyme and release of hydrolytic enzymes and ultimately causing myocardial and endothelial cell necrosis as shown in Fig. 1 [8, 74, 94] . Experimental cell culture studies had shown that addition of NTBI to human endothelial cell culture increase the surface expression of adhesion molecules and also increase the monocyte adherence to endothelium [95, 96] . These consequences can be corrected by addition of iron chelators like desferrioxamine and dipirydyl, which decrease expression of adhesion molecules and monocyte adherence [95, 96] .
However several other studies refuse the probable correlation of iron with cardiovascular risk, which could be due to selection of improper indicators or inappropriate techniques to estimate the respective indicator [98] [99] [100] [101] [102] [103] .
NTBI in Diabetes Mellitus
The evidence that iron overload lead to impaired glucose metabolism firstly derived from the fact that incidences of diabetes are high in hereditary hemochromatosis (HH). The exact mechanism how iron is involved in pathogenesis of diabetes mellitus is unclear but it is suggested through added oxidative stress to pancreatic cells. Higher expression of divalent metal iron transporters (DMT) additionally facilitates the entry and accumulation of iron in pancreatic cells as compared to the other cells [104] . In iron overloaded thalassemic patients insulin resistance is significantly increased which indicate the possible influence of iron on hepatic iron uptake [105] [106] [107] . In animal models it has been shown that oxidative stress causes the apoptosis of pancreatic islet cells. This obviously decreases the level of insulin production [108] . The role of iron in diabetes is depicted in Fig. 2 . Along with the causes of diabetes i.e. impaired insulin production and/or its action, iron is also suggested to play vital role in development of diabetic complications [81] . This could be because of higher levels of free radicals which decrease antioxidant defense and damage the cell organelles, enzymes and increase lipid peroxidation. Iron chelator like desferrioxamine had been successfully experimented to decrease the level of A 1c in non insulin dependent diabetes mellitus patients as well as in rats, which supports the link of iron in glycemic control [109] . Presence of NTBI is noticed by Lee et al. [84] in patients with type 2 diabetes mellitus. In uncontrolled diabetic patients, due to persistent high levels of reducing sugar, they get chance to react with the free amino group of proteins by non-enzymatic reactions and generate sugar bound proteins collectively known as advance glycation end products (AGE) [107] . These glycochelates are known to bind with higher amount of transitional metals like iron and copper and extract more iron from stable iron compound to increase free iron load [23] . Involvement of more iron molecules without their traditional or classical proteins may exhibit their redox activity and play vital role in development of long term complications.
Iron in Renal Disease
In human studies elevated iron is noted in kidney with higher urinary catalytic iron in patients with chronic kidney disease [110] . ROS produced due to NTBI are suggested as major cause of chronic kidney disease, mainly by 3 ways i.e. by damaging glomerular basement membrane (GBM), by decreasing glomerular filtration rate (GFR) and contributing in morphological changes in kidney [58] . Damage to GBM is a known cause of proteinuria, which is an early sign of renal disease. Oxidants are suggested to damage GBM by increasing the susceptibility to proteolytic damage by inactivating a1-proteinase inhibitor, which allow the activity of elastase to damage extracellular matrix.
Oxidants also impair the synthesis of glomerular heparin sulfate, a proteoglycan needed to maintain the integrity of glomerular membrane. Oxidants reduce the glomerular and mesangial cell planer surface and increase myosin light chain phosphorylation. These effects could modulate the surface area of mesangial cells and modify ultrafiltration coefficient and decrease GFR. Furthermore oxidants increase the synthesis of prostaglandins and thromboxane which are suggested to cause proteinuria and/or decreased GFR. Oxidants are also suggested to participate in necrotizing crescentic glomerulonephritis which is characterized by necrosis of GBM causing marked infiltration of neutrophils and mononuclear cells [58] . In progressive kidney disease oxidants are well recognized to damage the kidney by inducing proteinuria which facilitates the protein traffic in glomerulus and kidney tubules. These proteins e.g. albumin, Tf etc. are experimentally proven to cause further oxidative damage, induce the activity of NF-jb leading inflammatory response. On the other side protein mediated oxidative stress continues the cascade and leads to end stage renal disease [111] . The roles of NTBI and ROS have been depicted in Fig. 3 . Furthermore the role of NTBI is evident by the fact that advanced oxidized protein products AOPP which are generated by the ROS due to NTBI worsen where as metal chelators improves the conditions in progressive kidney disease [112, 113] .
NTBI and Erythroid Cells
By causing oxidative stress NTBI are known to affect the erythroid series too. Studies suggest that the mature RBC, reticulocytes, and developing erythroid precursors take up iron through Tf independent pathway [114] . This pathway has been operated in iron overloaded patients in presence of NTBI. Such fraction instead of getting incorporated in heme synthesis induces ROS generation causing cytotoxicity in mature RBC causing intravascular hemolysis. Increased LIP in RBC may be the result of leftover of unused iron precursors due to increased uptake from iron overloaded plasma, diminished utilization due to reduced hemoglobin production or degradation of unstable hemoglobin. In addition, RBCs may take up iron from their environment especially when the amount of iron in plasma exceeds the Tf binding capacity. Since mature RBCs are devoid of TFR this uptake is necessary of non Tf iron [115] . NTBI is also found in patients of hematologic malignancies undergoing high-dose chemotherapy, particularly those treated with myeloablative therapy and stem cell transplantation [24, 27, 55] .
The existence of free iron has been traced in a number of pathological conditions by various researchers exploring different technique but sparse data are available which can correlate different NTBI isoforms their respective clinical existence and the method for its estimation. So at present time it is noteworthy to register the identity of the NTBI sub-fraction recognized by the assorted techniques, which may or may not correlate with one another. Another important aspect is to recognize the key subfraction of NTBI which has clinical diagnostic relevance. If both of these points are taken for consideration, it will help the clinician to look for the significant isoform of NTBI in specialized clinical conditions and the laboratory scientist to select a suitable method to estimate the clinically relevant sub-fraction.
